Although it is widely recognized that stress plays a key role in the pathophysiology of schizophrenia, little is known regarding the particular types of stress patients experience. Less is known about the interplay among stressful events, personality mediators, and emotional responses. In this study, we investigated 10 stress dimensions in 29 patients with schizophrenia and 36 healthy volunteers using the Derogatis Stress Profile, and the relationship between these dimensions and symptoms in patients. Overall, patients had an approximate .75 standard deviation increase in stress compared to healthy volunteers. Significant increases in stress among patients compared to healthy volunteers were observed specifically in areas related to domestic environment, driven behavior, and depression, but not in health, attitude posture, time pressure, relaxation potential, role definition, hostility, or anxiety. More DSP depression among patients correlated significantly with greater negative symptom severity. Patients with a shorter duration of antipsychotic drug exposure had significantly greater hostility compared to patients with a longer duration of exposure, but did not differ in any other dimension. Continued investigation of domestic environmental stressors, driven behavior, and depression may be useful in identifying high-risk groups, and understanding symptom exacerbation and precipitants of relapse in patients already diagnosed with schizophrenia.
Introduction
Epidemiological studies suggest that environmental and psychosocial stressors may be risk factors for the development of schizophrenia. For example, prenatal exposure to maternal stress (Huttenen and Niskanen, 1978) , and early postnatal psychosocial stress related to parental loss (Agid et al., 1999) have been linked to increased risk for and later development of schizophrenia (Corcoran et al., 2001) . Patients with schizophrenia also demonstrate an impaired ability to adapt to stress, showing decreased norepinephrine and andrenocorticotropin responses to physical stress (Kudoh et al., 1999) and blunted cortisol responses to psychosocial stressors (Jansen et al., 1998) compared to healthy volunteers. Limited positron emission tomography data raise the possibility of differences in brain activity from cortisol infusions among patients with schizophrenia compared with healthy volunteers (Ganguli et al., 2002) .
Several studies, which used paper and pencil measures, provide support for a multidimensional role of stress in the phenomenology of schizophrenia. Ponizovsky and colleagues (2004) reported that patients with schizophrenia had a higher level of emotional distress and utilization of emotion-oriented coping strategies, and a lesser availability of social support compared with healthy volunteers using the Talbieh Brief Distress Inventory (Ritsner et al., 1995) . The General Temperament Survey (Clark and Watson, 1990) has also differentiated between patients with schizophrenia and controls on trait negative affectivity, which refers to an increased likelihood to experience aversive emotional stress and distress (Watson and Clark, 1984; Horan and Blanchard, 2003) . Norman and Malla (1994) demonstrated that amount of perceived stress correlated positively with symptom severity in patients with schizophrenia using a shortened version of the Daily Hassles Scale developed by Lazarus and colleagues (Kanner et al., 1981; Delongis et al., 1982) . Taken together, these findings suggest that patients with schizophrenia differ from healthy volunteers in stress dimensions related to emotion and social support, and increased stress may be related to symptom severity in schizophrenia.
Although it is widely acknowledged that stress may play a key role in the pathophysiology of schizophrenia, little research has investigated the interactive roles of stress-inducing events, personality mediators, and emotional reactivity in patients. Such studies may clarify the mechanisms through which exposure to stress results in symptom exacerbation or relapse. In recent studies (Horan et al., 2005a; Moller-Leimkuhler, 2005 ), a transactional model of stress (Lazarus and Folkman, 1984; Lazarus, 1999) has been used as a framework for examining this stress process in schizophrenia. In this study, we administered the Derogatis Stress Profile (DSP; Derogatis, 1987) to target the multidimensional role of stress and examine its three purported domains, including environmental events, personality mediators, and emotional responses. The DSP is a widely used and reliable self-report questionnaire that has been used to measure stress levels in students (e.g. Helmers et al., 1997; Verlander et al., 1999; Gelberg and Gelberg, 2005) , smokers (Kelley et al., 2003) , cancer survivors (Greenberg et al., 1989) , and cardiac patients (Duquette et al., 1994) . There is evidence that this population is as competent as nonpatients in their ability to subjectively appraise stress severity (Grant et al., 1976) and describe their reactions to stress in a coherent manner (Horan and Blanchard, 2003; Horan et al., 2005a) . We tested the hypothesis that patients would demonstrate the greatest magnitude of stress in areas related to the emotional sequelae of having schizophrenia as well as areas related to social support. We further predicted that among patients increased stress would be associated with greater symptom severity.
Methods and Materials

Participants
The 29 patients included in this study were recruited at the Zucker Hillside Hospital in Glen Oaks, NY and were participating in an NIMH-funded randomized clinical trial comparing the efficacy of risperidone versus olanzapine. Further details regarding the overall sample are provided elsewhere (Robinson et al., 2006) . The Structured Clinical Interview for Axis I DSM-IV Disorders (SCID-I/P; First et al., 1994) was administered to all patients and was supplemented with information from medical records and information from family members, when available. All patients met DSM-IV criteria for schizophrenia (N = 24), schizoaffective disorder (N = 2), or schizophreniform disorder (N = 3) and had less than 12 weeks exposure to antipsychotic medication prior to entry into the clinical trial. Mean duration of antipsychotic exposure from entry into the clinical trial until administration of the DSP was 102 weeks (range = 0 to 169 weeks). Mean (SD) age at first psychiatric symptoms was 18.5 (SD = 6.2). Mean age at first psychotic symptoms was 21.7 (SD = 5.1). Thirty-six healthy volunteers served as a comparison group. All healthy volunteers were recruited from newspaper advertisements or through word of mouth. They had no Axis I psychiatric disorder as determined by clinical interview and the Structured Clinical Interview for Diagnoses-Nonpatient Version (SCID-NP; Spitzer and Williams, 1988) , no first-degree relative with a psychiatric disorder and were not taking any psychotropic medications.
Clinical Assessments
Stress was assessed using the DSP (Derogatis, 1987) , a 77-item Likert scale paper-and-pencil self-report questionnaire that takes approximately 15 minutes to complete. Participants are asked to indicate the extent to which the statement is typically true of the way they behave or feel. The DSP targets 11 dimensions and 3 stress domains of stress. The 3 domains of stress include: (1) environmental events, comprising domestic (e.g. "I have a good relationship with my wife/husband or unmarried partner"), vocational (e.g. "I am frequently frustrated in my work"), and health (e.g. "I rarely exercise") environments, (2) personality mediators, comprising attitude posture (e.g. "I feel the most important thing in life that you achieve something with it"), driven behavior (e.g. "Every day I must get something tangible accomplished or I don't feel good about myself"), time pressure (e.g. "I feel there is never enough time to get things done"), relaxation potential (e.g. "I have trouble relaxing"), and role definition (e.g. "I believe you can get a lot of help from others in getting the job done in life"), and (3) emotional responses, comprising anxiety (e.g. "I am usually worried about something"), depression (e.g. "I sometimes have feelings of worthlessness"), and hostility (e.g. "I have no problems with control of my temper"). Each stress domain or dimension is scored as the sum of its corresponding items following reflection of individual items as required. Interscale correlations are relatively high between primary stress dimensions and their corresponding domains as compared to non-corresponding domains, which suggests an ideal multidimensional measurement (Derogatis, 1987) . Internal consistency across the stress dimensions used in this analysis as determined using coefficient alpha was .75 for patients and . 82 for healthy volunteers. We excluded vocational environment items from analyses given the potential confound that patients would not be working because they were ill.
We computed 2 symptom cluster scores based on items from the Scale for the Assessment of Negative Symptoms (SANS; Andreasen, 1981) and Schedule for Affective Disorders and Schizophrenia-Change Version with psychosis and disorganization items (SADS-C + PD; Spitzer and Endicott, 1978) . The negative symptom cluster score was computed as the average of the global ratings of affective flattening, alogia, avolition-apathy, and asociality from the SANS. The positive symptom cluster score was computed as the average of the severity of delusions and severity of hallucinations items from the SADS-C +PD. Median number of days between administration of the SANS and SADS-C +PD rating scales to the DSP was 5 and 2 days, respectively (range = -33 to 184 days for both scales).
The SADS-C + PD scores were converted into Hamilton Depression Rating Scale (HDRS; Hamilton, 1960 ) scores using an algorithm described by Endicott and colleagues (Endicott et al., 1981) . The HDRS is a widely-used and well-validated instrument for the clinical assessment of depressive symptoms. Higher scores were indicative of greater severity of depression.
Data Analysis
Data analyses were performed SPSS for Windows, v. 11.5 software (SPSS Inc., Chicago, Illinois). We tested for a difference in total DSP scores between patients and comparison subjects using an independent groups t test. In addition, we used separate multivariate analyses of variance (MANOVA) with Greenhouse-Geisser correction to determine whether patients differed from healthy volunteers on the 3 stress domains or the 10 individual stress dimensions and to assess the potential interaction of stress domain and dimension with group. Thus, the statistical model included group (patients vs. controls) and sex as between subjects factors with stress domain as the within subjects factor in one MANOVA and stress dimension as the within subjects factor in a separate MANOVA. Individual stress dimensions were expressed as z scores (with higher values indicative of more stress) based on data from our healthy volunteer group. This was done separately for males and females given the unequal distribution of sex between the groups. Thus, by definition healthy volunteers had a mean of 0 on the stress dimensions and a standard deviation of 1. Mean substitution was used to replace missing items for 7 patients and 4 healthy comparison subjects, affecting less than 1% of the total items.
We assessed univariate normality for each stress dimension to determine whether the assumption of multivariate normality would be met. Box's test was used to determine whether the assumption of equality of covariance matrices was met. Subsequent analyses investigated whether the pattern of stress would be comparable in recent-onset patients with a shorter duration of antipsychotic treatment (N = 10; mean duration = 7.67 weeks; range = 0 to 20) compared to patients with a longer duration of antipsychotic treatment (N = 19; mean duration = 152 weeks; range = 74 to 169).
In addition, HDRS scores for patients were computed. Group differences in demographic variables were examined using independent groups t tests. Chi-square tests were used to examine differences between categorical variables. Spearman correlations were used to examine the relationship between dimensions of stress and clinical scales. Alpha was set at . 05 for all analyses.
Results
Sample
Sample characteristics are provided in Table 1 . The groups did not differ significantly from each other in distributions of age, race, or parental social class (all ps > .05). The distribution of sex differed significantly between groups. As expected, education differed significantly between groups, with patients having less education compared to healthy volunteers.
Pattern of stress
Each of the individual dependent variables was normally distributed as determined from visual inspection of scatterplots and assessment of skewness and kurtosis. In addition, the assumption of equality of covariance matrices (as determined from Box's M) was met for MANOVA. As expected, an independent groups t-test revealed that patients had a greater total stress score compared to healthy volunteers (t = 3.32, df = 1, 63, p = .002). MANOVA using the 3 stress domains (e.g., environmental events, personality mediators, and emotional response) revealed a significant main effect of group (F = 9.98, df = 1,61, p = .002) and a trend for a significant group-by-domain interaction (F = 3.08, df = 1.83, p = .054, with Greenhouse Geisser correction). The use of education as a statistical covariate did not alter any of these findings. Neither the main effect of sex nor interactions involving sex were statistically significant.
MANOVA for the individual stress dimensions revealed a significant main effect of group (F = 3.88, df = 10, 52, p < .001) such that patients had greater stress overall across the dimensions (corresponding to an increase of .75 standard deviations) compared to healthy volunteers. Also, the group-by-stress dimension interaction was statistically significant (F = 4.02, df = 7.61, p < .001, with Greenhouse Geisser correction). Follow up univariate tests revealed that patients had significantly greater stress on dimensions related to depression (t = 4.97, df = 1, 63, p < .001; partial eta squared = .28), domestic environment (t = 3.52, df = 1,63, p = .001; partial eta-squared = .16), and driven behavior (t = 3.28, df = 1, 63, p = .002; partial eta-squared = .15) compared to healthy volunteers. The use of education as a covariate did not alter these significant findings. Patients did not differ from healthy volunteers in other stress dimensions related to health posture, attitude posture, relaxation potential, role definition, time pressure, anxiety, and hostility (ps > .05). Neither the main effect of sex nor interactions involving sex were statistically significant. Figure 1 illustrates the individual DSP stress dimensions for the patients relative to the healthy comparison group. Subsequent analyses investigated the potential association between duration of antipsychotic drug exposure in the clinical trial and the individual stress dimensions. Both patients with a short (n = 10) and long (n = 19) duration of antipsychotic drug exposure had significantly (p < .05) greater stress compared to healthy volunteers on the depression, domestic environment and driven behavior dimensions. Patients with a short duration of antipsychotic drug exposure had significantly greater hostility (t = 2.56, df = 1, 27, p = .016) compared to patients with a long duration of exposure, but did not differ in any other dimension.
Clinical correlates
Investigation of the clinical correlates of the DSP depression, domestic environment and driven behavior stress dimensions in relationship to the symptom clusters revealed that greater DSP depression was significantly correlated with more negative symptoms (r = .38, df = 28, p < . 05; see Figure 2 ), but not with positive symptoms. It is noteworthy that examination of the individual items comprising the DSP depression dimension and the SANS did not reveal any significant overlap in the individual items for these constructs. Neither the domestic environment nor driven behavior dimensions correlated significantly with any of the symptom clusters. Hamilton Depression scores did not correlate significantly with any of the stress dimensions or symptom clusters among patients. Duration in the clinical trial was not significantly correlated with the depression, domestic environment or driven behavior dimensions on the DSP.
Discussion
The purpose of this study was to characterize patterns of stress in patients with schizophrenia studied early in the course of illness. Consistent with prior work (e.g. Serban, 1975; Norman and Malla, 1994; Ponizovsky et al., 2004) , we observed an overall increase in stress of .75 standard deviations in patients compared to healthy volunteers. More interestingly, however, the pattern of stress was not uniform across the dimensions examined. We observed increased stress in patients in dimensions tapping domestic environment, driven behavior, and depression without associated group differences in health environment, attitude posture, relaxation potential, role definition, time pressure, anxiety or hostility. There was also a significant trend towards non-uniformity across domains in patients. Additionally, more DSP depression correlated with greater negative symptom severity among patients.
A transactional model of stress (Lazarus and Folkman, 1984; Lazarus, 1999 ) is emerging as a preferred approach to assessing stress in patients with schizophrenia. One reason for this is that the way in which patients appraise the meaning and potential impact of stressful events is more likely to affect their health and functioning (DeLongis et al., 1982; Lazarus and Folkman, 1984; Folkman and Lazarus, 1985) than is the frequency of stressful events. The DSP paradigm treats stress as a process and enables the clinician to evaluate how patients subjectively appraise the influence of real-world stressors. Our findings suggest that there is an interplay between domestic environmental stressors, a need to act constructively, and resulting depressive symptoms in patients recently diagnosed with schizophrenia.
One major study finding is that patients with schizophrenia expressed increased stress relating to their domestic environment. This finding suggests that interpersonal conflicts between patients and their parents, children, neighbors or extended family result in high levels of stress. The domestic environment may be particularly stress-inducing early in the course of illness due to the recent shift in patient status and the resulting need to reconstruct interpersonal dynamics. Deficiencies in the use of effective interpersonal problem-solving strategies (Bellack et al., 1992) may also provoke distress. Epidemiological studies also indicate that schizophrenia is associated with lower marital and fertility rates (Eaton, 1975; Odegard, 1980; Saugstad, 1989) . Patients with schizophrenia report receiving less social support than individuals without mental illness or with other non-psychotic disorders (Neeleman and Power, 1994 ). An insufficient social support network may contribute to an increased sensitivity to environmental stress in general (Phillips et al., 2007) or increased emotional reactivity towards stressors (DeLongis et al., 1988; Affleck et al., 1994) . In other words, it may be that patients are more likely to appraise interpersonal relationships in a negative fashion or label them as stressful because they lack strong support networks.
Our study also suggests that patients reported increased driven behavior. High scores on the DSP driven behavior dimension suggest that patients with schizophrenia feel a compulsive need to be involved in constructive activities. It is purportedly this self-imposed, demanding criterion of tangible accomplishment that enables patients to achieve feelings of well-being and self-worth (Derogatis, 1987) . Whereas most studies on personality characteristics in schizophrenia have focused on chronically ill patients (e.g., Horan et al., 2005b) , our research concerns patients earlier in the course of their illness. The personality characteristic of driven behavior found in the present study is thus less influenced by prolonged exposure to antipsychotic medications, progression of illness, or acquired patterns of adaptation to a chronic mental illness (Horan et al., 2005b) , and may be associated with vulnerability (Nuechterlein et al., 1992) . Given that driven behavior did not differ between patients with short and long durations of antipsychotic exposure, it is possible that driven behavior is a stable personality trait that moderates stress reactivity. Furthermore, driven behavior may be directly related to the impact of domestic environment. A recent meta-analysis acknowledges that in schizophrenia, social-evaluative threat elicits cortisol changes only in the context of a motivated performance task that requires active cognitive responses (Dickerson and Kemeny, 2004) . In other words, the impact of socially-relevant stress on physiological responses may be mediated by the need to motivate oneself. Patients may be motivated to engage in constructive behaviors to resolve interpersonal conflicts, but they may lack problem-focused coping strategies (van den Bosch et al., 1992) .
Another major study finding is that patients reported increased depression. High scores on the depression dimension of the DSP indicate more mild-to-moderate symptoms, including fatigue, loss of interest, feelings of loneliness and lowered self-esteem. It has been demonstrated that depressive symptoms exist during the first episode (Johnson, 1981; Koreen et al., 1993; Addington et al., 1998) and after psychosis has remitted (Leff and Wing, 1971; Hirsch et al., 1973; Knights et al., 1979) . While studies suggest that minor stressors are associated with increased depression and anxiety (Hardesty et al., 1985; Malla and Norman, 1992; Norman and Malla, 1994) , it may be that heightened levels of depression lead to overreporting of the occurrence of stressful events (Phillips et al., 2007) . The DSP paradigm posits that the quality of the individual's emotional response to a stressor itself becomes an aspect of the stimulus environment to result in the phenomenologic experience of stress (Derogatis, 1987) . Our findings suggest a bidirectional relationship between stressful events and depression such that the domestic environment elicits depressive affective responses, which further magnify the burdens arising from the domestic environment. An association between elevated trait negative affectivity and emotional responses during social interactions in schizophrenia has been demonstrated before (Horan and Blanchard, 2003) . Because HDRS scores did not correlate significantly with DSP depression scores or other stress dimensions, it is likely that mild-to-moderate depressive symptoms are associated with stressful events in schizophrenia, rather than more profound symptoms of clinical depression.
In our study, more DSP depression correlated with greater negative symptom severity. Our results converge with previous studies conducted in patients with schizophrenia that reported an association between depression and negative symptom severity as measured by the SANS (Kulhara et al., 1989; Kitamura and Suga, 1991; Aydemir et al., 2002) . Although psychosocial stressors have consistently been associated with exacerbation of psychotic symptoms (e.g. Norman and Malla, 1993) , the nature of this relationship is unclear. Horan and Blanchard (2003) note that one approach to identifying mechanisms by which stress contributes to symptom exacerbation in schizophrenia is to examine subjectively experienced emotional responses. It has been demonstrated that patients with schizophrenia experience elevations in negative mood prior to symptom exacerbations (Subotnik and Nuechterlein, 1988; Tarrier et al., 1991) and heightened emotional reactivity to naturally occurring stressors compared with controls (Myin-Germeys et al., 2000 . Despite evidence that stress only worsens symptoms of schizophrenia when it is perceived as presenting an uncontrollable or socialevaluative threat to the self (Jones and Fernyhough, 2006) , we found no association between symptom severity and driven behavior or domestic environmental stress. Our results suggest that depressive symptoms may mediate the impact of stress on negative symptom severity in schizophrenia.
There were several limitations to this study that preclude firm conclusions. One limitation is that patients with schizophrenia were not compared to psychiatric controls or unemployed healthy controls. Although the differences in stress dimensions between patients and controls may be found in other psychiatric disorders, the association between stress dimensions and negative symptom severity is likely to be specific to schizophrenia. Another potential limitation is that patients completed the DSP at different phases of their illness, although the pattern of stress appeared comparable in patients with both a short and long duration of antipsychotic drug exposure compared to healthy volunteers. Patients with a short duration of antipsychotic drug exposure had significantly greater levels of hostility compared to patients with a longer exposure. Given the number of statistical comparisons this should be interpreted with caution. It is noteworthy, however, that hostility in patients early in the course of illness may predict high expressed emotion in the domestic environment, which is a risk factor for relapse (Bachman et al., 2002) . It might be of interest in future work to compare patients close to illness onset with chronic patients to clarify the stability or change of the stress process in schizophrenia.
In sum, our findings suggest that the pattern of stress in patients recently diagnosed with schizophrenia is not uniform, but related specifically to the domestic environment, driven behavior, and depression. Characterizing patterns of stress in patients early in the course of illness may be useful in identifying high-risk groups, and understanding symptom exacerbation and precipitants of relapse in patients already diagnosed with schizophrenia. Continued investigation may contribute to psychosocial interventions focused on the development of adaptive interpersonal skills, the prevention of compulsive behaviors, and the modification of depressed reactions. Individual stress dimensions in patients with new onset schizophrenia compared to healthy volunteers. Patient scores are relative to scores for healthy comparison subjects; by definition, the healthy comparison group had a mean score of zero on each scale, and a standard deviation of 1. *** p < .001; ** p = .001; * p < .005. a partial eta-squared. Scatterplot of DSP depression and negative symptoms in patients. There were missing data from 3 healthy volunteers.
b Hollingshead Redlich Score coded from 1 (highest) to 5 (lowest). Due to the low number of expected frequencies in group 1 and group 5, groups 1 and 2 were combined, and groups 4 and 5 were combined for analysis.
c Race coded as Caucasian, African-American, Hispanic, Asian, Other. Due to the low number of expected frequencies in the latter three groups, they were combined for analysis.
